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,QWURGXFWLRQ
7KHSDSHUSURSRVHV WR LQYHVWLJDWH WKHSHUIRUPDQFHVRIVWHHOFRQFUHWH IUDPHVWUXFWXUHVPDGHZLWK IXOO\HQFDVHG
VWHHOFRQFUHWHFRPSRVLWHFROXPQVLQFRPSDULVRQZLWKWUDGLWLRQDOVWUXFWXUHVRIUHLQIRUFHGFRQFUHWHDQGVWHHOLQRUGHU
WR UHGXFH FDUERQ IRRWSULQW 7KH QXPHULFDO PRGHO XVHG IRU DOO SHUIRUPHG DQDO\VLV ZDV GHYHORSHG DW 7HFKQLFDO
8QLYHUVLW\RI&OXM1DSRFD LQ >@7KHQXPHULFDOPRGHOZDV FDOLEUDWHG DQGYDOLGDWHGXVLQJ H[SHULPHQWDO
WHVWVWDNHQIURPWKHLQWHUQDWLRQDOOLWHUDWXUH&&DPSLDQ>@96DY>@+/+VX)--DQ-/-XDQJ
 >@ - 0 5LFOHV 6 3DERRMLDQ  >@ DQG:HQJ &KHQJ&KLDQJ <LQ <HQ/LDQJ :DQJ -XL&KHQ /LDQJ
&KLQJ<X>@7KHQXPHULFDOPRGHOZDVYHULILHGDQGVXSSOHPHQWDU\YDOLGDWHGLQ>@XVLQJDQRWKHUVHW
RIH[SHULPHQWDOWHVWV$0LU]D9+\WWLQHQ(+\WWLQHQ>@
1XPHULFDOPRGHO
1XPHULFDOPRGHO
7KHQXPHULFDOPRGHOXVHGZDVGHYHORSHGLQLQDILQLWHHOHPHQWSURJUDP>@7KHILQLWHHOHPHQWXVHGZDVD
FODVVLFEHDPHOHPHQWIRUFRQFUHWHSODQHIUDPHVZLWKVWHHOUHLQIRUFHPHQWDQGHPEHGGHGEHDPVDVVKRZQLQ)LJ
7KHWRWDOQXPEHURIGHJUHHVRIIUHHGRPFRUUHVSRQGVWRRQHURWDWLRQDODQGWZRWUDQVODWLRQDOGHJUHHVRIIUHHGRPIRU
HDFKWZRQRGHVORFDWHGDWEHDPHOHPHQWHQGVDQGRQHUHODWLYHWUDQVODWLRQDOGHJUHHRIIUHHGRPIRUWKHQRGHVLWXDWHG
DWWKHPLGOHQJWKRIWKHEHDPHOHPHQWDVVKRZQLQ)LJ7KHQXPHULFDOODZVXVHGIRUWKHPDWHULDOVDUHSUHVHQWHG
LQ)LJDIRUFRQFUHWHDQG)LJEIRUVWHHO


)LJ)LQLWHHOHPHQW

)LJD0DWHULDOODZIRUFRQFUHWHEPDWHULDOODZIRUVWHHO
&DOLEUDWLRQDQGYDOLGDWLRQRIWKHQXPHULFDOPRGHO
7KH FDOLEUDWLRQ DQG YDOLGDWLRQ RI WKH QXPHULFDOPRGHO ZDVPDGH XVLQJ VL[ H[SHULPHQWDO WHVWV WDNHQ IURP WKH
LQWHUQDWLRQDOOLWHUDWXUHRQIXOO\HQFDVHGVWHHOFRQFUHWHFRPSRVLWHFROXPQV7KHH[SHULPHQWDOO\WHVWHGFROXPQVKDG
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GLIIHUHQWW\SHVRIFRQFUHWHRUVWHHOGLIIHUHQWVWUXFWXUDOVWHHORUUHLQIRUFLQJVWHHOUDWLRV7KHFROXPQVZHUHVXEMHFWHG
PRQRWRQLFDQGF\FOLF WRFRQVWDQWD[LDOIRUFHDQGODWHUDOIRUFHV)LJSUHVHQWVWKHFURVVVHFWLRQVRIWKHFROXPQV
XVHGIRUFDOLEUDWLRQDQGYDOLGDWLRQRIWKHQXPHULFDOPRGHO


)LJ&URVVVHFWLRQRIH[SHULPHQWDOO\WHVWHGFROXPQE\D&&DPSLDQ>@DQG96DY>@E+/+VX)--DQ-/-XDQJ
>@F-05LFOHV63DERRMLDQ>@G:HQJ&KHQJ&KLDQJ<LQ<HQ/LDQJ:DQJ-XL&KHQ/LDQJ&KLQJ<X>@H$0LU]D
9+\WWLQHQ(+\WWLQHQ>@
7KHYDOLGDWLRQRI WKHQXPHULFDOPRGHOZDV UHDOL]HGE\ FRPSDULVRQRI H[SHULPHQWDO IRUFHGLVSODFHPHQW FXUYHV
ZLWKQXPHULFDORQHVDVVKRZHGLQ)LJ)RUH[HPSOLILFDWLRQZDVVKRZHGLQ)LJWKHYDOLGDWLRQRQRQHW\SHRI
FROXPQIURPHDFKH[SHULPHQWDOSURJUDPSUHVHQWHGEHIRUH:LWKUHGOLQHDUHSUHVHQWHGWKHH[SHULPHQWDOFXUYHVDQG
ZLWK EOXH OLQH WKH QXPHULFDOO\ REWDLQHG RQHV 7KH GLIIHUHQFH EHWZHHQ H[SHULPHQWDO DQG QXPHULFDO YDOXHV ZDV
EHWZHHQ·ZLWKDPHDQYDOXHRI
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)LJ9DOLGDWLRQRIWKHQXPHULFDOPRGHOE\FRPSDUWLQJQXPHULFDOFXUYHVZLWKH[SHULPHQWDORQHVWHVWHGE\D&&DPSLDQ>@E9
6DY>@F+/+VX)--DQ-/-XDQJ>@G-05LFOHV63DERRMLDQ>@H:HQJ&KHQJ&KLDQJ<LQ<HQ/LDQJ
:DQJ-XL&KHQ/LDQJ&KLQJ<X>@I$0LU]D9+\WWLQHQ(+\WWLQHQ>@
&DVHVWXG\
&RPSRVLWHVWUXFWXUHVFKRVHQIRUFDVHVWXG\
)RUWKHSURSRVHGFDVHVWXG\ILYHVLPLODUIUDPHVWUXFWXUHVZHUHFKRVHQ7KHVWUXFWXUHVKDGWZRVL[HLJKWWHQDQG
WZHOYHOHYHOV7KHIORRUSODQZDVWKHVDPHIRUDOOVWUXFWXUHVZLWKWZRRSHQLQJVRIPLQWUDQVYHUVDOGLUHFWLRQ
DQGILYHPRSHQLQJVLQORQJLWXGLQDOGLUHFWLRQVHH)LJD7KHKHLJKWRIHDFKOHYHOZDVFRQVLGHUHGPVHH
)LJE7KHIUDPHVZHUHUHDOLVHGZLWKIXOO\HQFDVHGVWHHOFRQFUHWHFRPSRVLWHFROXPQVDQGULJLGVWHHOEHDPV)RU
HDFK W\SH RI VWUXFWXUHZHUH FKRVHQ WKUHH W\SHV RI FROXPQVZLWK GLIIHUHQW VWUXFWXUDO VWHHO UDWLR ORZPHGLXP DQG
KLJK7KHFRQVLGHUHGORDGVZHUHWKHVDPHIRUDOOOHYHOVSHUPDQHQWORDGN1PDQGOLYHORDGN1P7KH
FKRVHQVHLVPLF]RQHKDGDSHDNJURXQGDFFHOHUDWLRQRIJDQGFRUQHUSHULRGRIV7KHPDWHULDOVFKRVHQLQ
WKHGHVLJQRIWKHVWUXFWXUHVZHUH&FRQFUHWHFODVV6IRUUHLQIRUFLQJVWHHODQG6IRUVWUXFWXUDOVWHHO7KH
EHDPVUHVXOWHG,3(SURILOH
286   Gabriel Mircea Urian and Alina Haupt-Karp /  Procedia Technology  22 ( 2016 )  282 – 289 

)LJD)ORRUSODQE7UDQVYHUVDOIUDPHV

,Q 7DEOHV  WR  DUH SUHVHQWHG WKH UHVXOWHG VHFWLRQV IRU DOO FROXPQV WKH HPEHGGHG SURILOH ORQJLWXGLQDO
UHLQIRUFHPHQWDQGWKHVWUXFWXUDOVWHHOUDWLRį7KHVWUXFWXUHVZHUHQRWHGDVIROORZLQJWKHILUVWQXPEHUUHSUHVHQWV
WKHKHLJKWRIWKHVWUXFWXUH/LVIURPOHYHODQGWKHODVWQXPEHUUHSUHVHQWVWKHVWUXFWXUDOVWHHOUDWLRIRUORZIRU
PHGLXPDQG IRUKLJK6R WKH VWUXFWXUHFDOOHG/PHDQV VWUXFWXUHZLWK VL[ OHYHOVDQGPHGLXPVWUXFWXUDO VWHHO
UDWLR)RUWKHWZRDQGVL[VWRUH\VVWUXFWXUHVWKHFROXPQVKDGWKHVDPHVHFWLRQDWDOOOHYHOV
7DEOH&KDUDFWHULVWLFVRIWZROHYHOVWUXFWXUHFROXPQV
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7DEOH&KDUDFWHULVWLFVRIVL[OHYHOVWUXFWXUHFROXPQV
6WUXFWXUH &ROXPQVHFWLRQ
PP[PP
(PEHGGHGSURILOH /RQJLWXGLQDO
UHLQIRUFHPHQW
į
/ [ +($  
/ [ +(0  
/ [ [[[  

7KHFROXPQVRIWKHHLJKWOHYHOVWUXFWXUHVYDU\E\KHLJKWDVIROORZVWKHILUVWIRXUVWRUH\VKDGRQHW\SHRIVHFWLRQ
DQGODVWIRXUDQRWKHUW\SHRIVHFWLRQ7KHFKRVHQVHFWLRQVIRUWKHFROXPQVKDGFORVHGYDOXHVRIVWUXFWXUDOVWHHOUDWLRV
,Q7DEOHZHUHSUHVHQWHGWKHUHVXOWHGFROXPQIRUWKHHLJKWOHYHOVWUXFWXUHV)RUHDFKW\SHRIVWUXFWXUHDUHSUHVHQWHG
WZR W\SHVRIFROXPQV7KH ILUVW W\SH LV WKH VHFWLRQV IRU OHYHOVRQH WR IRXUDQG WKH VHFRQGRQH IURPIRXU WRHLJKW
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6LPLODULQ7DEOHDUHSUHVHQWHGWKHUHVXOWHGFROXPQVIRUWKHWHQOHYHOVWUXFWXUHV7KHILUVW W\SHLV WKHVHFWLRQVIRU
OHYHOVRQHWRILYHDQGWKHVHFRQGRQHIURPVL[WRWHQ7KHFROXPQVRIWKHWZHOYHVWRUH\VWUXFWXUHVYDU\E\KHLJKWDV
IROORZVWKHILUVWIRXUOHYHOVKDGRQW\SHRIVHFWLRQOHYHOVIURPIRXUWRHLJKWDQRWKHUDQGDWKLUGW\SHOHYHOVQLQHWR
WZHOYH
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PP[PP
(PEHGGHGSURILOH /RQJLWXGLQDO
UHLQIRUFHPHQW
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7DEOH&KDUDFWHULVWLFVRIWZHOYHOHYHOVWUXFWXUHFROXPQV
6WUXFWXUH &ROXPQVHFWLRQ
PP[PP
(PEHGGHGSURILOH /RQJLWXGLQDO
UHLQIRUFHPHQW
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$QDO\VLVRQWKHVWXGLHGIUDPH
&RPSRVLWH VWUXFWXUHV DUH YHU\ SRSXODU GXH WR WKH PDQ\ DGYDQWDJHV LQ FRPSDULVRQ ZLWK WUDGLWLRQDO UHLQIRUFHG
FRQFUHWHDQGVWHHOVWUXFWXUHVDVIROORZVVPDOOHUFURVVVHFWLRQVLQFRPSDULVRQZLWKUHLQIRUFHGFRQFUHWHDQGILUHDQG
FRUURVLRQSURWHFWLRQDOVRSUHYHQWLRQRIHOHPHQWEXFNOLQJLQFRPSDULVRQZLWKVWHHOVWUXFWXUHV>@7R
LQYHVWLJDWHWKHVWUXFWXUDOSHUIRUPDQFHVRIWKHSURSRVHGFRPSRVLWHVWUXFWXUHVWZRVHLVPLFDQDO\VLVZHUHSHUIRUPHG
SXVKRYHUDQDO\VLVDQGG\QDPLFWLPHKLVWRU\DQDO\VLV
7KHDLPRIWKHSDSHULVDQDO\VLVRIFDUERQIRRWSULQWRIFRPSRVLWHVWUXFWXUHVLQFRPSDULVRQZLWKWUDGLWLRQDORQHV
7KHILYHW\SHVRIVWUXFWXUHVZLWFKKDGWZRVL[HLJKWWHQDQGWZHOYHOHYHOVZHUHGHVLJQLQWUDGLWLRQDOVROXWLRQVRI
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UHLQIRUFHGFRQFUHWHDQGVWHHO$OOGHVLJQHOHPHQWVZHUHWKHVDPHWKHIORRUSODQKHLJKWRIVWUXFWXUHVORDGVVHLVPLF
]RQH HWF 7KH HOHPHQWV WKDW ZHUH GHVLJQHG GLIIHUHQWO\ ZHUH WKH FROXPQV ZKLFK ZHUH GHVLJQHG LQ WUDGLWLRQDO
VROXWLRQV )RU DOO ILIWHHQ FRPSRVLWH VWUXFWXUHV DQG DOVR IRU WKH ILYH UHLQIRUFHG DQG VWHHO VWUXFWXUHV WKH FDUERQ
IRRWSULQW ZDV HYDOXDWHG E\ HVWDEOLVKLQJ WKH *:3 JOREDOZDUPLQJ SRWHQWLDO XVLQJ WKH FRPPHUFLDO VRIWZDUH
GHYHORSHGE\$UFHORU0LWWDOQDPHG$0(&29
5HVXOWVRIFDUERQIRRWSULQWDQDO\VLV
7KHREWDLQHGJOREDOZDUPLQJSRWHQWLDOLVSUHVHQWHGLQ7DEOHIRUDOOW\SHVRIFRPSRVLWHUHLQIRUFHGFRQFUHWHDQG
VWHHOVWUXFWXUHV7KHYDOXHVDUHFDOFXODWHGIRUPRIFROXPQ
7DEOH*OREDOZDUPLQJSRWHQWLDOIRUDOOVWUXFWXUHV
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)RUEHWWHU YLHZRI WKH UHVXOWV WKH\ZHUHPXOWLSOLHGE\$W ILUVW DUH SUHVHQWHG WKH YDOXHVREWDLQHG IRU WKH
FRPSRVLWHVWUXFWXUHV7KHQH[WOLQHSUHVHQWVWKHEHVWYDOXHREWDLQHGIURPWKHWKUHHVLWXDWLRQVRIFRPSRVLWHFROXPQV
:LWK5&DUHQRWHG WKH VWUXFWXUHVPDGHZLWK UHLQIRUFHGFRQFUHWHFROXPQVDQGZLWK6 WKH VWHHORQHV7KHQXPEHU
EHIRUH5&DQG6UHSUHVHQWVWKHOHYHOVQXPEHURIWKHVWUXFWXUH
$VFDQEHREVHUYHGLQ7DEOHWKHWUDGLWLRQDOVROXWLRQZLWKUHLQIRUFHGFRQFUHWHFROXPQVRIIHUVWKHELJJHVW*:3
YDOXHV,QFRPSDULVRQZLWKWKHFRPSRVLWHVROXWLRQWKHJOREDOZDUPLQJSRWHQWLDOLQFUHDVHVZLWK·)URPWKH
FRPSRVLWHFROXPQV WKHRQHVZKLFKRIIHU WKHPRVWHIILFLHQWYDOXHDUH WKHRQHPDGHZLWK ORZVWUXFWXUDOVWHHO UDWLR
EHWZHHQ  7KH GLIIHUHQFH EHWZHHQ FRPSRVLWH DQG VWHHO VWUXFWXUHV LV DERXW · LQ IDYRU RI VWHHO
VWUXFWXUHV:KHQ FRPSDULQJ WKRVH WZR VROXWLRQV H[FHSWLQJ WKHREWDLQHG*:3YDOXH WKHGHVLJQHG HQJLQHHUPXVW
WDNHLQWRDFFRXQWPDQ\LPSRUWDQWSUREOHPVWKDWDIIHFWVWHHOVWUXFWXUHVLQFRPSDULVRQZLWKFRPSRVLWHRQHVILUHDQG
FRUURVLYHSURWHFWLRQSUHYHQWLRQRIHOHPHQWEXFNOLQJ%\HPEHGGLQJWKHVWHHOSURILOHLQWRDFRQFUHWHVHFWLRQDOOWKHVH
SUREOHPVZLWKVWHHOVWUXFWXUHVDUHUHVROYHG
&RQFOXVLRQV
$VFDQEHREVHUYHGLQ7DEOHWKHWUDGLWLRQDOVROXWLRQZLWKUHLQIRUFHGFRQFUHWHFROXPQVRIIHUVWKHODUJHU*:3
YDOXHV DQG WKH VWHHO RQH WKH ORZHVW $ YDOLG DOWHUQDWLYH VROXWLRQ IURP ERWK SRLQWV RI YLHZ VXVWDLQDELOLW\ DQG
VWUXFWXUDO LV WKH FRPSRVLWH RQH ,Q FRPSDULVRQ ZLWK UHLQIRUFHG FRQFUHWH VWUXFWXUHV WKH FRPSRVLWH RQH DUH PRUH
HIILFLHQW IURP ERWK SRLQWV RI YLHZ ,Q FRPSDULVRQ ZLWK VWHHO RQHV WKH FRPSRVLWH VROXWLRQ RIIHUV PDQ\ VWUXFWXUDO
DGYDQWDJHVDQGWKHGLIIHUHQFHEHWZHHQWKH*:3YDOXHVLVQRWWKDWVLJQLILFDQWLQFRPSDULVRQZLWKWKHVWUXFWXUDORQHV
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